NCATS Improving Health Through Smarter Science

Early Therapeutic Discovery in Oncology and
Beyond: Challenges and Opportunities

Anton Simeonov, Ph.D.

Scientific Director, National Center for Advancing Translational
Sciences (NCATS), National Institutes of Health (NIH)

TRACO Lecture
September 28, 2020

o s,
s National Center

: C m) for Advancing

5‘».,‘ = Translational Sciences



Drug Discovery Process

Steps in the Drug Discovery Process
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Range of screening assays

Range of Screening Assays

Extent of reductionisim

Phenotype
{fmage-based
HCS, GFP eic)

Pathway
{Reporfers, e.qg., luciferase, G-
factarmase)

Protein
{Enzyme meadouts, inferactions, eic)
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HTS is a standard step in the drug discovery mcess but has remame? o

High throughput screening
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Cell based HTS assays

1459 Cancer Relevant Cell-Based HTS Assays from PubChem

0 10 20 50 a0 50 €0

Luciferase Reporter Gene Sa
Luminescence 29
Fleorescence =
Forster Resonance Energy Transfer 16

Flow Cytomatry 12 Cell-Based
AlphaScreen
Time-resolved Forster Resonance Energy Transfer
maging
B-lactamase Reporter Gene
Absorbance 2
Bimolecular Luciferase Complementation
Green Fluorescent Protein Reporter Gene
In Call Western
Mass Spectrometry
Phenotypic
Quantitative PCR
Cousscns, N. P, Braisted, J. C., Peryca, T., Sittampalam, S. G., Simconov, A. and Hall, M. D.

Small Molecule Screens: A Gateway to Cancer Therapeutic Agoms with Case Studles of
FDA-Approved Drugs FPrarmmacological Rowvee:'s, OctoberZ2017, €2 141 4?’9—4? m} -
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Assay choice

Important Considerations for Choosing an Assay

Assay expansa
—  Tost parweall
—  Disposal costs)
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Important considerations

Important Considerations for Choosing an Assay

Assay aexpanssa
— Tt parweall
—  Deposal costls)
Available instrumeantation
—  Salact tha bast possibl gssays hasaod on tha aeagilablks instrumantation
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Assay throughput

Important Considerations for Choosing an Assay

v Assay expanssa

— ot parweall

—  Desposal costls)
’ Available instrumeantation

—  Sakdd thg bast possiblk gssays hasad on tha arailab ks instrumantation
’ Assay throughput

—  Nlinigtur zation raduoas tha cost par weall
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Assay m

aturization

zation Saves Time and Reagents
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Important considerations

Important Considerations for Choosing an Assay

’ Assay aexpansa
— ot parweall
—  Desposal cost(s)
’ Availabla instrumeantation
—  Sakac tha bast possiblk gssays hasad on tha availabl instrumantation
’ Assay throughput
—  Nlinigturzaton aduoas tha cost par wwall
4 Ability to multiplax
—  CTan tha responsa ba msasurad by a singla paramatar; s multiparamatre output possiblka™?
—  Incrassad data par sampks
—  Can qguida hitskction by diffarantat ng salactivity among ralated tarmgats
— Can distinguish patheeay inhibibon from cyiooxicity in a calkbasad gssay
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Important considerations

Important Considerations for Choosing an Assay

’ Assay aexpansa
— ot parweall
—  Disposal costs)
’ Availabla instrumeantation
—  Sakac tha bast possiblk gssays hasad on tha availabl instrumantation
’ Assay throughput
—  Nlinigturzaton aduoas tha cost par wwall
’ Ability to multiplax
—  Tan tha raesponsa ba msasurad by a singkla paramatar; & multiparamatns output possiblka™
—  Incrassad data par sampks
—  Tan gquids hitskection by diffarantat ng salactwWty among ralatad targats
—  Can distinguish patheeay inhibibon from oyiobxicity in a calkbasad assay
4 Reagents
—  Stablility for bours & imporant
— ConseBnoy ks oniboal (Kaalky obiain a lara quantity from a singks ot)
— Al rsagants naad to ba walkdakad [(call linas, antibodkss, amyimnatic purity, gt )



Important considerations

Important Considerations for Choosing an Assay

’ Assay aexpansa
— ot pareeall
—  Disposal costs)
’ Availabla instrumeantation
—  Sakac tha bast possiblk gssays hasad on tha availabl instrumantation
’ Assay throughput
—  Nlinigturzaton aduoas tha cost par wwall
’ Ability to multiplax
—  Tan tha raesponsa ba msasurad by a singkla paramatar; & multiparamatns output possiblka™
—  Incrassad data par sampks
—  Tan gquids hitskection by diffarantat ng salactwWty among ralatad targats
—  Can distinguish patheeay inhibibon from oyiobxicity in a calkbasad assay
’ Reageants
—  Stablility for bours & imporant
—  ConseBroy konboal (Maalky obiain a lara quantity from a singks ot
— Al raagant: naad to by waldakd [call linas, antbodkss, amyimate puriby, gtc.)
4 Potantial for assay intarferancea
—  Fluorascant compounds can imtarfara wwith floorascant raadouts
—  Colorad compounds mght intarkarg weith luminascanca



Fluorescence spectroscopic profiling

Fluorescence Spectroscopic Profiling of Compound Libraries

Tl gtay: 4-Mmu 3% A3s50 Fluoresosin Ad488 O 2%

4901520
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Simconov, A, dadhav A, Thomas, C.J., YWang, Y., Huang,. RB., Scuthall, N.T.,
Shinn, P., Smith, J., Austin, C.P.,Auk, D.S. and Ingksc, J., 2008, Fluorescence

spectroscoplc proflling ofcompound llbrarles. Joumazs of Modiconas ./4 _.:._.
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Assay tolerance

Determination of Assay Tolerance to DMSOMNehicle is Important
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Yasgar A., Jadhav A, Simconov A., Cousscns N.P., AlphaScreen-8ased Assays: Ultra-High-
Throughput Scresnling for Small-Molecule Inhibltors of Challenging Enzymes and Proteln-
Proteln Interactions. Mo thods Vol Siol. 20181439 77-28.
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Important considerations

Important Considerations for Choosing an Assay

Homogeaenous assay format is prafarred for screaening
—  Add raagants, mik and massura [(no solution ramoral or weash staps)
—  Aubmation friand by
—  Raduocss wariability
— Decrassass hands-on tims
—  Improreas ra produci bility
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Important considerations

Important Considerations for Choosing an Assay

’ Homogenous assay format is prafarred for screaening
—  Add raggants, mik and massurg [no solution ramoral or weash staps)
—  Aubmation friandby
—  Raduocas wariability
— DPaecrassass hands-on tims
—  lmproreas rag prodocd bility
’ Timea required for assay
—  OffFlima raagant praparation
— ks tamparastura 9quilibration requiraed
—  FActualassaytiors
—  Kingtie ~arsos and point rasd
—  Tima raquirad for dats anabesks and record kaesping
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Important considerations

Important Considerations for Choosing an Assay

’ Homogeaenous assay format is prafarred for screaning
— Add raagants, me and massurg [(no solution ramoeal or weash staps)
—  Auibimation friandby
—  Raduocass wwariability
— DPaecraassass hands-on tims
—  Improreas rag produci bility
’ Tima required for assay
—  OfFlima raagant praparation
— k tamparatura oquilibraton reguirad
—  Actoualassartins
—  Kingte -arsos and point rasd
—  Tuma raquirad or dats anabeses and raecord kasping
- Signal stability
—  Doastha rasponsa occur rapid by or wwithin a faee minutss or bours™?
—  Longar signal stability allowes for flaxability in auiomated systams
—  Longar signal stability minimzss difsranoas aimong plaks weithin a stack



Important considerations

Important Considerations for Choosing an Assay

Homogeaenous assay format is praefarred for screaning
—  Add raagant:s, me arnd massurg [no solution ramoral or weash staps)
—  Aubimaton friand by
—  Radocass wariability
— DPoecrassas hands-on tims
—  Improreas rag prodocd bility
Tima required for assay
—  OfFlima raagant praparation
— ks tamparatura oquilibration reguirad
—  Actualassar tims
—  Kingtiz arsos and point rasd
—  Tima raquirad for dats anabeses and raecord kaaping
Signal stability
— Doastha asponsa occur rapedbyor weithin a faew minutass or bours™
—  Lonaar signal stability allowes for flaxability in auioimataed systams
—  Lonaar signal stability minimzss difmaranoas among stacks of plats
Assay Sansitivity
— Thoka of raadouts ks important
»  Coblbrimatric<floorsscant<luminascant
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Assay suitability

Evaluating Assay Suitability for Screening

mean signal-mean background

. 1 S/N =
3 el 2z =05 standard deviation of background
=
=
=]
g mean signal
S/B = -
§ mean background
= B | .
'-E - - - - -
m[ .. ) . S/N = 27 7 =1 — 3SD of sample + 35D of control
s - . . mean of sample — mean of control
S/B=10
z = 0.1

A Simpla Statistical Paramatar for Usa in Exaluaton and
Qldation of High Throughput Scraganing Assays. Zhang JH,
ZThung TD, Okkanburg KR, J Bomol Scraan. 19994 [(2):57-73.
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Assay suitability

Evaluating Assay Suitability for Screening

.
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Improving early discovery

Improving the Process of Early Discovery:
Quantitative High-Throughput Screening {(gHTS)

r

| I = Conventional screening done at one concentration
\l ________._-,—i;’ = Mot appropriate for potency testing — “dose makes the poison’
-.'-'—I"

N | = gHTS tests compounds assayed at multiple concentrations
ET'"’I_______:; {range: 4 lozs)

’\[: T’ = Enabled by miniaturized assay volumes (2-8 plL per test) and
{ = informatics pipeline

Compound concentration
4

= Generates pharmacologi ca!f el ves instead of statistical
) .- “hits”

i = Dramatically inaeases reliability
= Dramatically reduces false positives and false negatives

PMAS 102:11373 m JO date, several hundred million datapoints from several
hundred screens have been generated and depositedin the

pbiic domain. £ ==



Medicinal chemistry

Medicinal Chemistry, an Integrated Process
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Small molecular probes

T
Example: small molecule probes to study cancer
metabolism...with additional applications

» Tumaors exhibit unique nutntional requirements. For example, pyrnuvate Kinase
M2 (PKM2) has been implicated in the Warburg Effect.

« A screen of PKM2, followed by medicinal chemistry optimization, produced
several distinct molecules able o significantly activate the enzyme.

* These tool molecules have been used by numerous labs worldwide to study
cancer biology and a subset are being further developed as therapies.

Inhibition of Pyruvate Kinase M2 by Reactive Oxygen Sgecies i i :#"42 amvat,on ‘n?ay a.'(so bo =@ l"'-"?.'f to
SOHUEIE $9 Uuiuar SIoEians ftevprasee moduiizic motaoolsm In pancroz Uc 2otz
< - >7 e .
A AAA DOt 10 1 T2 s ans colls (o manage diaboles:!
ABRT L 4
e S et i v Inhibition of Pyruvate Kinase M2 by medicine
e e e e we Reactive Oxygen Species Contributes
wotmn seeen e aen- 10 Cellular Antioxidant Responses
Sveiinadly At .,;;::'5 "2 g ) ) . Pyruvate kinase M2 activation may protect against
_‘ . ey srvrn st o [L ST TSSO SR (‘-qoM"m T Pt M Beva " Bd e B B
B yotus Mo g P ® Mn Sham, Gy Mebmows ) A T Srnetd, ) fanom W e, the progression of diabetic glomeralar pﬂlul-u_ and
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Drug combinations

Translation Challenge: Rapid Discovery of Drug

Combinations
o .
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libraries 3.Informatics

2. Automation/ platform

screening
technologies

The NCGC Pharmaceutical Collection:
A Comprehensive Resource of Oinically
Approved Drugs Enabling Repurposing and
Chemical Genomics
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Resistance

Application of Drug Combinations to Address
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Drug resistance

Dissemination of technology: combination screening
to overcome drug resistance in cancer cells

« ABC subtype of Diffuse Large B-Cell Lymphoma (ABC-DLBCL) has poor
prognosis and response to treatment
« |brutinib is a BTK inhibitor that has activity against ABC DLBCL

* Study evaluated 459 drugs in combination with Ibrutinib
» 6 X 6 concentration-response “matrix blocks”, validation in 10 x 10
concentration-response matrix blocks
« DHNA-damaging agents identified as synergizing with Ibrutinib in killing
ABC DLBCL cell lines

- - o
3 - ) 9
Dissemination: o [ e o
"',‘. - I
- H o o L LS |
» Protocols ' _ i -
i . ; 125 i ) P
» Source code for dispense  :e- g 1\ S
R O 108 LY
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High-throughput combinatorial screening identifies Py 5 15+ 3 :
drugs that cooperate with ibrutinib to kill activated i o :
B-cell-like diffuse large B-cell lymphoma cells ™ 2 7 w3 ;
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Rare brain tumors

Example: combination screening to tackle
untreatable rare brain tumors

v,
MPE 50 loeary
2450 ageernts

Pancksnostat
MIPE 5.0 krary m,_ Lin et al., Sci. Transl. Med. 11, eaaw0064 (2019) 20 November 2019
e tH Collabeoration between NCATS (Craig Thomas) and

Stanford University (Michelle Monje)
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3D models

Increasing the predictivity of in vitro assays: a
continuum of 3D models of healthy and diseased
tissues

2D Spheroids Organoids Printed Tissues Organ—on-a-chlp

HTS compatibility



Tissue bioprinting

3D Tissue Bioprinting

Gel Cells Syringe
[ Hydrogel polymer is mixed with cells and loaded into syringe. ’

Printed construct 1 day 1 week 2 weeks
The printer “3D prints”™ The printed construct is incubated to allow |
the cell/gel mixture in a the cells to form a tissue, and to enable

layer by layer approach. proper cell differentiation.




Epidermis Functional activity analyses.

Stem cell technologies

Layers of the Epidermis: native skin versus 3D-

bioprinted skin
3D-Bioprinted Skin

. -.
Stratum corneu :

Stratum -
—_— e .

granulosum

Native Skin

Stratum spinoSull

Stratum
germinativu
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3D Tissue model
T

www.oncotarget.com Oncotarget, 2020, Vol. 11, (No. 27), pp: 2587-2596

Research Paper
A 3D biofabricated cutaneous squamous cell carcinoma tissue

model with multi-channel confocal microscopy imaging biomarkers
to quantify antitumor effects of chemotherapeutics in tissue

Human skin Biofabricated Skin

Standard Hstology Reflectanze Confocal Fefectance Conftocyl flucrescwm-cw Cordocsl Szandard Hiswology
(Sapttal View) Microscopy (Eo Foce View) Microscopy /In Faoe Vew) Moroscopy (Eo Foce View) g tial View)




Stem cell technologies

Enabling Advanced 3D Models and Regenerative
Medicine through Stem Cell Technologies

MNCATS Stemmr Celf Transiation Laboratory:
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Assay development

Where do | go for more
information about assay
development?®?

4 | NIH



Assay guidance manual

Sharing intermal know-how: Assay Guidance Manual
(47 chapters/ 1,338 printed pages)
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Response to CoviD-19

Response to COVID-19: OpenData FPortal enables
data and protocol sharing in near-real time
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Open data portal

. bioRxiwv

THE PREPRINT SERVER FOR BIOLOGY

An OpenData portal to share COVID-19 drug repurposing
data in real time

Kyle R. Brimacombe, Tongan Zhao, Richard T. Eastman, Xin Hu, Ke Wang, Mark Backus,
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Abstract

The National Center for Advancing Translational Sciences (NCATS) has
daveloped an online open science data portal for s COVID-19 drug
repurposing campeaign — namead OpenData — with the goal of making data

across a rang2 of SARS-CoV-2 related assays avallable In real-time. The

Multpke publcity ind. featured on Frondis Cdifins’ blog post
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